. Cooperative breeding usually occurs among relatives and kin selection is often invoked as playing a key role in its evolution. It is certainly true that in many well-studied species, kin-selected indirect fitness benefits are substantial, but in others it is clear that immediate or future direct benefits to personal reproduction also represent an important source of fitness for helpers [3] . These direct and indirect fitness benefits have been measured in many long-term studies of cooperatively breeding birds [2, 3] , although the relative importance of direct and indirect fitness gains in the evolution and maintenance of cooperative breeding remains controversial [4] .
The other major debate in the field concerns the decision of helpers to delay independent reproduction. Some authors have suggested that deferred reproduction and helping are adaptive life history decisions that maximize individual fitness [5] , but in most species it seems that the fitness gained from helping does not fully compensate for the fitness lost by failing to breed independently [6] . If this is so, then it is necessary to invoke some constraint, such as a shortage of breeding territories or mates, which prevents some individuals from breeding independently. These constrained individuals are forced to delay dispersal, thereby forming extended families or groups in which helping behaviour may evolve. Therefore, because the potential fitness benefits of cooperation are fairly well understood, the key to understanding the evolution of cooperative breeding lies in understanding why groups of potential cooperators, usually extended families, form in the first place.
This conceptual framework is formalized in the ecological constraints hypothesis, which has been the dominant paradigm for research on the evolution of cooperative breeding systems for the past 25 years [7] . A persistent problem, however, has been the difficulty of identifying the ecological conditions that can explain why cooperative breeding has evolved in some species but not others. A new comparative analysis by Rubenstein and Lovette [8] , reported recently in Current Biology, tackled this problem by seeking to identify the ecological factors promoting cooperative breeding in the African starlings (Figure 1 ), a speciose family with diverse social systems.
The best evidence for the notion that cooperative breeding is associated with key ecological requirements has come from intraspecific studies. For example, many studies have shown that the prevalence of cooperation within species varies between populations or across years depending on the severity of constraints operating at a particular time or place [9] . Such studies lend circumstantial support to the role of ecological factors, but even more convincing evidence comes from three experimental studies [10] [11] [12] in which constraints were artificially relaxed either by the removal of breeders or the provision of a key resource to create breeding opportunities that were then filled by erstwhile helpers. But convincing though such species-specific explanations may be, constraints on reproduction are ubiquitous in nature -most bird populations include a proportion of non-reproductive 'floaters' -and yet cooperative breeding is rare. Therefore, a broader level of analysis is required if we are to explain why certain species are cooperative and others are not.
Geographic variation in the prevalence of cooperative breeding has long been apparent, with most cooperative species found at low latitudes, and especially in Australia [13] . However, a simple ecological relationship may also be confounded by phylogeny and life history traits, because cooperation is phylogenetically clumped and life history traits tend to be conserved within avian lineages [14] . Comparisons within taxa that effectively control for phylogeny and life-history variation are therefore a necessary and powerful way of addressing ecological questions. Indeed, previous comparisons of close relatives have revealed ecological differences among cooperative and non-cooperative species that can be interpreted as being consistent with the ecological constraints hypothesis, but in each case the comparisons are between just two or three species, so it is not surprising that some post hoc ecological factor can be identified that differs in the expected direction [15] [16] [17] .
Rubenstein and Lovette [8] used a molecular phylogeny of the 45 species in the African radiation of the Sturnidae as the basis for a phylogenetically controlled comparative analysis. Species were classified as cooperative or non-cooperative, and habitats defined as desert, savanna or forest. Cooperative species were found to be highly significantly associated with savanna habitats, which are shown to be less predictable with greater temporal variability in rainfall than the other habitats. The authors argue that cooperative breeding is adaptive in such environments because the additional work-force enables successful reproduction in harsh years and sustained breeding in good years.
Interestingly, Rubenstein and Lovette's [8] results are consistent with the conclusion of an earlier comparative analysis [18] of more taxonomically diverse southern African birds that also suggested that regularly cooperative species were found in seasonal savanna environments, although they go considerably further in characterising that habitat. By contrast, other researchers have suggested that cooperation is linked either to no specific environmental factor, or to stable, aseasonal environments [5, 9, 19, 20] . Some of these previous studies have concluded that seasonal, unpredictable environments are unlikely to promote the evolution of Figure 1 . Some of the African starling species studied by Rubenstein and Lovette [8] . The greater blue-eared glossy starling (top left) is a non-cooperative breeder that is widespread in savanna woodland habitat throughout West, East, and Southern Africa. The lesser blue-eared glossy starling (top right) is a cooperative breeder that lives in savanna woodland habitat throughout West and Southern Africa, as well as parts of East Africa. Despite its name, the lesser blue-eared glossy starling is not as closely related to the greater blue-eared glossy starling as people have long suspected. The bristle-crowned starling (bottom left) is a non-cooperative breeder that lives in arid regions of East Africa. Males and females both have ornamented crests, or bristled crowns, but males have larger ornaments than females. The superb starling (bottom right) is a complex cooperative breeder that lives in large family groups throughout the savannas of East Africa. Social groups can contain as many as 30 individuals, and the helper relationships among group members are extremely complex. All photos were taken by D. Rubenstein in Kenya.
cooperation because such habitats are likely to result in frequent population bottlenecks, during which competition will be intense and select against family formation.
The most sophisticated and comprehensive (in terms of species number) comparative analyses conducted to date have highlighted the role of life history traits and phylogeny [14] , but within those lineages predisposed to be cooperative it was concluded that cooperation was associated with relatively warm, stable environments that allowed year-round residency [19] . The contrast in the conclusions of this global-scale analysis with that of Rubenstein and Lovette [8] is intriguing and suggests that we are still some way from achieving a comprehensive understanding of the ecological, phylogenetic and life history factors that influence the occurrence of cooperative breeding. However, the detailed assessment of the nature of environmental variation and its association with starling sociality in this paper sets a benchmark for future studies and suggests that broad-brush high level analyses may not capture key environmental components with sufficient detail to detect associations.
It should also be possible to refine classification of social systems beyond the simple cooperative/non-cooperative dichotomy, as used by Rubenstein and Lovette [8] , to investigate ecological influences on the degree of sociality. There are several other well-studied avian lineages with the information required to explore the ecological correlates of cooperative breeding, and it would be fascinating to investigate whether the robust and striking pattern found here has more general application. In particular, does the characterisation of seasonal savannas in Africa correspond with widespread Australian habitats and therefore explain the prevalence of cooperative breeding among the Australian avifauna? 
John G. Turner
Plants frequently encounter unfavourable conditionsstresses -which might include being attacked by pests or pathogens, or being grazed by animals, or not having enough water -the list could go on. The standard response of higher plants to these abiotic and biotic stresses is for the plant to synthesise a group of compounds collectively known as jasmonates. These are members of a class of related oxylipin signalling molecules [1] , which have some structural similarity to the prostaglandins. The production of jasmonates causes the genetic re-programming of the cell [2] , which then typically begins to synthesise secondary products such as phenolics and flavonoids, as well as defensive proteins, reactive oxygen scavengers and a large number of proteins of unknown function. Remarkably, jasmonates also regulate developmental processes required
